The present experiment was carried out to evaluate the effects of vitamin E and C supplementation on the antioxidant status of broiler breeder hens during summer. Two hundred seventy broiler breeder birds (coloured) were divided into nine groups with three replicates having 10 birds in each, and were supplemented two levels of antioxidant vitamins E (250 mg or 500 mg/kg) or C (200 mg or 400 mg/kg) alone or in combinations for a period of 8 weeks. All the vitamin supplemented groups showed significantly lowered malondialdehyde (MDA) level, higher activities of superoxide dismutase (SOD), catalase (CAT) enzymes and higher Ferric Reducing Antioxidant Power (FRAP) activities in erythrocytes than control. However, supplementation with combination of vitamins proved to be better than individual supplementation. It could be concluded that the combination of vitamins C and E at lower level (@ 200 mg/kg and 250 mg/kg, respectively) had higher erythrocytic antioxidant status in coloured broiler breeder hens as compared to individual vitamin supplementation during hot and humid stress.
Introduction
Body temperature and metabolism rate of birds are relatively high compared to mammals, which make birds vulnerable to oxidative stress under high environmental temperature. High temperature coupled with humidity is more stressful that results major economic losses to the poultry industry by reducing growth, egg production, hatchability and increasing mortality. Heat stress not only adversely affects production performance but also inhibits immune function [1, 2] .
Vitamin E has been reported as an excellent biological chain-breaking antioxidant that protects cells and tissue from lipoperoxidative damage induced by free radicals. Vitamin C limits the metabolic signs of stress and alleviates the physiological consequences of stress, resulting in improved performance, immunological competence and behaviour of chickens. The antioxidative property of vitamin E in chickens is suggested to have significant role in the development of immune response through protection of the cells, such as lymphocytes, macrophages, and plasma cells from oxidative damages, and enhances the function and proliferation of these cells in face the oxidative stress [3, 4] . Supplementation of vitamin E @ 250 mg alone has been reported to reduce the negative effects of heat stress in broilers [5] . Similarly, Panda et al. [6] concluded that dietary supplementation of vitamin C (200 mg/kg) improved antioxidant status in White Leghorn layer during summer stress. The synergistic effect of both the vitamins E and C was seen by Sahin et al. [7] in heat stressed laying Japanese quails as shown by decreased concentration of MDA in the serum of the birds. The present experiment is planned to evaluate the supplementation of both vitamin E and C either alone or in combination in the coloured broiler during hot and humid stress.
Materials and Methods

Experimental Animals and Feeding
A total number of two hundred seventy (n = 270) synthetic coloured broiler breeder hens of 40 weeks old maintained at Faculty of Veterinary Science and Animal Husbandry Farm were used for the present experiment. The birds were randomly distributed into nine groups with three replicates having 10 birds in each replicate. The birds were kept in individual cages. Two levels of vitamin C (L-Ascorbic acid) i.e. 200 mg or 400 mg and vitamin E (DL-α-tocopherol acetate) i.e. 250 mg or 500 mg were supplemented either alone or in combinations with breeder basal diet to eight groups, keeping one group of non-supplemented birds as control. The supplementation was continued for a period of 8 weeks. Water was provided ad lib. Daily feed given was weighed and supplied @ 150 g/bird/day. In-house temperature and relative humidity was recorded daily during the experimental period and average values were calculated (Figures 1 and 2) . Feeds samples were analysed for moisture, crude protein, ether extract, crude fibre, total ash, and acid insoluble ash ( 
Experimental Design and Feeding Levels
Group
Feeding level of vitamins Membrane peroxidative damage in the erythrocytes was determined in terms of malondialdehyde (MDA) production by the method described by Placer et al. [9] . The superoxide dismutase (SOD) activity in 10% RBC hemolysate was measured following the methods of Marklund and Marklund [10] with certain modification [11] . The estimation of catalase activity in 10% RBC hemolysate was done as per the procedure described by Cohen et al. [12] . Plasma total antioxidant activity was measured at 4 th and 8 th week of experiment by ferric reducing antioxidant power (FRAP) assay [13] .
Statistical Analysis
The data obtained from the study were statistically analyzed according to Snedecor and Cochran [14] . The data were also analyzed for analysis of variance (ANOVA) and DMR test [15] was used to test the difference between treatment means wherever necessary.
Results
Lipid Peroxidation Status
The MDA values varied from 4.23 to 6.37 and 3.59 to 8.86 nmol/mg Hb at 4 th and 8 th week respectively ( Table  2) . At 4 th week, the MDA concentration was significantly (p < 0.01) lower in combined vitamin supplemented groups (T 6 -T 9 ) than control and individual vitamin supplemented groups. Whereas by 8 th week, all the supplemented groups showed significantly lower value than control but no significant difference was observed between the vitamins supplemented groups either alone or in combination. Comparing the concentration of MDA between both the weeks in different treatments, there was significant (p < 0.01) increase of MDA concentration in control group only at 8 th week with respect to 4 th week.
Superoxide Dismutase
The status of enzymatic antioxidants in erythrocytes of broiler breeders at 4 th and 8 th week of study revealed that after 4 th week, the erythrocyte SOD enzyme activity (U/mg Hb) of T 5 (E500) and T 6 to T 9 (all combined vitamin supplemented groups) were significantly (p < 0.05) higher than the control group ( Table 2) . No significant difference was evident between the control and T 2 , T 3 and T 4 . However at 8 th week, the SOD activity was significantly higher (p < 0.05) in the all supplemented groups than control. Moreover, SOD activity at 8 th week was found to be significantly (p < 0.05) higher than that of 4 th week in T 3 and all combined vitamin supplemented groups.
Catalase
In the present study, catalase activity was significantly (p < 0.05) higher in vitamin supplemented groups (except T 2 -C200) than control at 4 th week ( Table 2) . However, after 8 weeks of feeding all supplemented groups showed significantly (p < 0.05) higher catalase activity than control and all combined supplemental groups showed significantly higher values than individual vitamin supplemented groups. Comparison between the weeks for all groups showed that there was significant (p < 0.05) de- 
Total Antioxidant Capacity
The total antioxidant capacity of the plasma in 9 groups at 4 th week of the experiment varied from 1312.56 (control) to 1752.83 (T 9 ) and after 8 th week it was 1363.67 (control) to 1837.25 (T 9 ) ( Table 2 ). The highest values were observed in T 9 (C 400 + E 500) at the both weeks. At both 4 th and 8 th week all vitamin supplemented groups showed significantly (p < 0.05) higher FRAP value than control and among supplemented groups, combined supplemented groups had significantly higher FRAP values than individual vitamin supplemented groups. There was no significant difference among combined supplemental groups.
Discussion
As environmental temperature increases, hens' respiration and evaporation increases to maintain optimal body temperature, which in turn increases their metabolism and energy consumption. If increased energy needs is not supplied with feed (less feed consumption during heat stress), mobilisation of lipids from stored fat takes place. The MDA level, an indicator of lipid peroxidation, increases with increases in lipid mobilization and oxidation of lipids. Level of erythrocyte MDA continued to rise in hens exposed to heat stress (control) and hens fed rations containing vitamin C and E separately or as combinations showed significantly lower MDA level. Continuous feeding of both the antioxidant vitamins for two months during summer stress decreased the MDA concentration from its level recorded at one month. This result is in accordance with the earlier findings [1, 6, 16, 17] . Similar result was also observed in serum and liver MDA concentration [18] in ascorbic acid and melatonin supplemented birds. The observed decrease in erythrocyte MDA levels in the groups supplemented with vitamin E and C might have been due to the inhibition of lipid peroxidation in erythrocyte membranes due to the antioxidant effect of both the vitamins. This study suggests that lipid peroxides formed under heat stress conditions can be partially counteracted by dietary inclusion of antioxidants such as vitamin E and C.
The results of SOD activity is in accordance with the earlier reports [19, 20, 21] who found significant increase in SOD activities of vitamin supplemented groups compared to control. It is suggested that antioxidant vitamin supplementation during heat stress enhances SOD activity to minimize oxidative stress in chicken by inhibiting the oxygen free radical production and scavenging the superoxide ions [22] . As the stress period increased the enzyme activity at 4 th week in control and individual vitamin supplemented groups were similar but decreased further at 8 th week in control group whereas upward trend was observed in all supplemented groups. The result also clearly explains the synergistic effect of both the vitamins [7, 16] .
In the cell, catalase reacts with generated hydrogen peroxide to form water and molecular oxygen thereby protecting the cells against hydrogen peroxide toxicity and lipid peroxidation [23] . Erythrocyte CAT levels in the supplemented groups under heat stress demonstrated an increasing trend, as compared to the control group that is well supported by the findings of others [6, 20, 24] . Only T 2 group did not show any difference of CAT status in comparison to control at 4 th week but with continuous feeding for 8 weeks significant difference was observed. This might be due to the lower level of vitamin C, which was not enough to neutralise the hydrogen peroxide radicals produced during continuous heat stress period. The combined vitamin supplemented groups showed significantly higher values than vitamins fed alone, might be due to synergistic effect of vitamin C and E on scavenging free radicals and hydrogen peroxides. The increase in the activities of erythrocytic SOD and catalase enzymes led to an increased defence of cell membranes against oxygen and free radicals. These cooperative antioxidant defence mechanisms minimized oxidative damage. Higher enzymatic activity along with lower level of MDA concentration indicated better antioxidant status of the birds supplemented with vitamin C and E either individually or in combinations.
Significantly higher FRAP values in vitamin supplemented groups at both 4 th and 8 th week indicates better antioxidant status of the plasma. The result provides the measure of combined non-enzymatic antioxidant defence capacity of plasma and gives an index of ability to resist oxidative damage. Birds of group T 9 (C400 + E500) showed highest antioxidant capacity probably due to higher plasma vitamin E and C concentration after 4 weeks of vitamin supplementation. No literature was available that uses FRAP assay to measure the total antioxidant capacity of the plasma in poultry birds to substantiate our findings. However, increase in the antioxidant status of the birds by supplementation of vitamin C and E have been reported by other workers [2, 18, 20] .
Conclusion
The study suggests that combination of vitamins at lower level (C200 + E250 mg/kg feed) has beneficial effect on antioxidant status of coloured broiler breeder hens during natural hot and humid stress as higher level of the vitamins don't impart any significant improvement the lower level.
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